However, the direct det.ermi of total arsenic in urine by FI-HGAAS can lead to erroneous results. The source of this error is the transformation of arsenic that takes place in the body. For example, inorgani arsenic ingest.e (through inhalation, food, or drink) as As(V) is reduced to As(W). The As(DI) is then subjecte to a st.epwis methylation process-first to m�l arsenic (MMA), and then to dimethylarsenic (DMA). If the arsenic is ingest.e in the less-toxic MMA or DMA forms, or in the nontoxic seafood-derived forms of arse nobet.aine [(CHa>aAs + CH 2 C0 2 -] and araenoch [(CHa>aAs + CHiiC�OH], no prooess of methylation or demethylation appears to occur, and these forms are excret.e unchanged (2). Because these anenic species can be present in unknown proporti in each urine sample (3, 4) , and because the arsenic sensitivity ob tained can vary from species to species in HGAAS (6), a sample pretreatment procedure is necessary to convert the various forms of arsenic to one species.
Several approach have been taken to convert orga noarsenic species to the inorganic stat.e, most of which involve some sort of acid digestion. Investigat have used.perchloric acid digestions with various degrees of success (6, 7). The highly oxidative characte of perchloric acid is well understo but it also is known to be very dangerou requires specialized ventilation fa cilities, and has been implicated in incomplet.e arsenic recoveri (7, 8) . To avoid the difflcultiea 8880ciated with perchlor acid, investigat have also used nitric add/ sulfuric acid digestions, bot.h without catalyst (6) and with V 2 0 5 (6, 9) or �Cr 2 0 1 (6) catalyst. These proce dures also result.eel in various degrees of success.
lnvestigat have attempt.eel to automate the decom position of organoar species by using continuous flow and flow-utjection methodol (10, 11) . These aut.omated methods have involved concentrat.ed acids and strong oxidizing agents in continuous-flow . assap (10), or ultraviolet radiation in highly basic persulfa in flow-utjection tecbniqu (11) . Although these meth ods quantitatively decompose all of the orpll()81 species present in aqueous solutions, they do not appear to be applicable to organoar species in highly oxidir.ale matrices (11), e.g., urine.
Recently, investigatrs have shown the utility of using electrot at.ornir.ation AAS with in situ oxidation of various toxic and nontoxic arsenic species for the direct det.ermin of total arsenic in urine (12) . These same investigatrs develope a rapid solid phase extraction procedure for removing the nontoxic seafood-derived arsenic species (arsenobe and arse nocholine) before the direct det.errn of the total remaining (i.e., toxic) arsenic portion (13) . This novel analysis approach avoids costly chromatographic proce dures for the removal of the nont.oxic arsenic species before the det.ermion, but still requires the use of very expensive instrumentation. Furthermore, costs continue to be incurred through the instrument's main tenance and operation (e.g., graphite atomizers and palladium matrix modifiers).
Here we compare various nonperchloric acid digestion procedures for determin total arsenic in urine by FI-HGAAS. Recoveri from each procedure for inor ganic and organoar species are presented. The optimize digestion procedure was applied to Standard Reference Material (SRM) 2670 [Toxic Metals in Urine; from National Institute of Standards and Technology (NIST), Gaithersburg, MD], which is certified for total arsenic. The digestio procedure was also used with a certifie urine sample (Le Centre de Toxicologie du Quebec, Quebec, Canada) in which the arsenic present is that resulting from the ingestion of a seafood diet, i.e., a source of nont.oxic arsenobetaine and arsenocholine. This urine sample was dipst.ed and analyzed with and without the use of a rapid solid-phase extraction proce dure designed to remove the nont.mdc, seafood-derived arsenic species from the urine matrix. The volatile hydride was generate by FI-HGAAS, utilizing both an off-line and on-line prereducn of As(V) to As(III). Each prereduction procedure results in a detection limit of <10 l,&87'L· total arsenic in urine, with quantitative recoveries being obtained for total arsenic in SRM 2670 and for quantities of As(V) and DMA added to the "seafood arsenic'' urine sample. The procedure does not require costly instrumetation, and all of the chemicals used are commonly found in any laboratory. Urine samples for arsenic species recoveries were prepared by adding known masses of arsenic as inor ganic or organic species to known volumes of urine before digestion. All urine samples were either pur chased or collected in accordance with the ethical stan dards prescribed by the University of Massachusetts, Amherst. If the samples were not to be digested and were to be analyzed directly, the procedure was as follows: (a) for oft'-line prereduction of the urine sample before direct analysis, 1 mL of arsenic-supplemented urine was prereduced as described above for the As(m) standard solution, diluted to 100 mL, and analyzed; or (b) for on-line prereduction of the urine sample before direct analysis 2 mL of supplemented urine was diluted with distilled, deionized water to 100 mL and analyzed with the on-line prereduction manifold described below. NIST-certified SRM urine samples (Toxic Metals in Urine) were prepared by dissolving the freeze-d preparation with 20.0 mL of distilled, deionized water and taking a given volume for digestion. The removal of arsenobetaine and arsenocholine from Le Centre de Toxicologie du Quebec-certified urine samples contain ing high amounts of these seafood-derived arsenic spe cies was achieved through a procedure described by Nixon and Moyer (13). In brief, 1-mL Bond-Elut SCX cartridg (Varian, Harbor City, CA) were washed twice with 1 mL of 10 mUL nitric acid in 100 mUL ethanol. Two 1-mL aliquots of unsupplemented, As(V)-and DMA-supplemented "seafood arsenic" urine samples (pH < 2) were each passed through a column and the eluates were collecte in 125-mL Erlenmeyer flasks. Six 1-mL washings of the columns were made with the etbanolic nitric acid solvent and the eluates were col lect.eel together with the original urine volumes. These 8-mL total volumes were then digest.e with the opti mized digestion procedure (see below).
Optimization
The flow-injection manifold used for hydride genera tion from As(Ill) has been descnl>ed and optimized previously (7); thus, we made no attempts at further optimization. This FI-HGAAS manifold used with off line prereduction of As(V) to As(ill) is shown in Figure  1 . The continuous-flow manifold used for on-line prere duction of As(V) to As(m) before FI-HGAAS bas also been described and optimized previously (14) , and no further optimization attempts were made. The FI HGAAS manifold used with continuous-flow on-line prereduction of As(V) to As(III) is shown in Figure 2 .
The following digestion procedures were compared for their effectiveness in determini arsenic species added to urine. All digestion procedures, except that in the microwave oven, were performed under a hood.
KMnOJH:,S0 4 (15). To 5 mL of urine containing 1000 µg/L As as added As(ill), As(V), and DMA, we added 0. 75 g of solid potassium permangat.e and mixed this in a 100-mL beaker. We then added slowly, in 0.5-1-mL aliquots, 5 mL of concentrated sulfuric acid, allowing the rather vigorous reaction to subside before adding the next aliquot. The final digest was clarifi.ed by adding 1-1.5 mL of 250 mol/L bydrmr,ylamine hydrochlode. The digest was prereduced off-line as describe above, diluted to 1 L, and analyzed. H 2 0a/Ha80 4 (16). To 1 mL of urine containing 500 µ.y/L As as added As(V) and DMA, we added 5 mL of 300 mUL hydrogen peroxide and 5 mL of concentrated sulfuric acid and mixed these in an uncovere· 125-mL Erlenmeyer flask. This was heated to -120 "C on a hotplat.e, driving oft' water, oxygen, carbon dioxide, and other gaseous products. Once the boiling ceased, the The digests were cooled, prereduced off-line as described above, diluted to 100 mL, and analyzed. (18, 19) . To 1 mL of urine con t:aiuing 200 µg/L As as added As(V) and DMA, we added 3 mL of concentrated nitric acid in an uncovere 125-mL Erlenmeyer flask. This was heated to -120 "C on a hotplate until the volume was reduced to -1 mL. The digests were removed from the hotplate and 3 mL of concentrated sulfuric acid was added. The hotplate tem perature was increased to -250 "C and the digests were reheat.ed, driving oft' S0 3 fumes, for 30 min. The digests were removed from the hotplate and cooled for 1 min, and 1 mL of 300 mUL �0 2 was added. This was :m.i%ed and reheated until S0 3 fumes resumeru The process of �� addition/80 3 fuming was performed four. tunes. The final digests were cooled, prereduced off-line as described above, diluted to 100 mL, and analyzed HNOJH:,SOJV,l),JH,1) 2 (5, 9, 18). To 2 mL of urine containing 250 µg/L As as added As(V) and DMA, we added 30 mg of V 2 0 5 solid and 5 mL of concentrated nitric acid in an uncovered 125-mL Erlenmeyer flask. This was heated to -120 °C on a hotplate, reducing the volume to -1 mL. The digests were removed from the hotplate and 5 mL of concentrated sulfuric acid was added. The hotplate temperature was increased to -250 °C and the digests were reheated, driving off S0 8 fumes for 90 min. The digests were removed from the hotplate and cooled for 1 min, and 1 mL of 300 mUL �0 2 was added. This was mixed and reheated until S0 8 fumes resumed. The process of H 2 0 2 addition/80 8 fuming was repeated four times. The final digests were cooled, prereduced off-line as described above, diluted to 100 mL, and analyzed. 
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RNUlta and Dlecuulon Manifold Characterstics
The off-line prereduction FI-HGAAS manifold (Fig  ure 1) and the on-line prereduction FI-HGAAS manifold (Figure 2 ) were used to directly analyze undigested arsenic-supplemented urine samples, as well as supple mented urine samples that were digested before analy sis. Calibration equations, precision data, and limits of detection for the two manifolds are shown in Table 1 .
Direct Determinations
Prelimin investigations involved performing a di rect determination of As in urine without a prior diges tion protocol. The recoveries in Table 2 show that a digestion protocol is required to decompose the orga noarsenic species for reliable determination of the total arsenic content. This is in disagreement with previously published reports, claiming full recoveries of orga noarsenic species in direct analysis of urine by FI HGAAS without prior digestion (20) . However, we ob tained full recoveries for both inorganic arsenic species, using the direct analysis procedures described, with no formation of dense foam within the FI-HGAAS mani fold. This shows that the on-line prereduction of As(V) to As(III) can proceed in matrices other than dilute acids (14) , and that a direct determinaon of inorganic ar senic in urine by FI-HGAAS can be performed readily.
Determinations after Sample Digestion
Once we found that a digestion protocol would be necessary for the determination of total arsenic in urine, we examined a variety of protocols for their effect on recoveri of arsenic species. The digestions performed were originally designed for determini total arsenic in natural waters, wastewater&, or biological samples, or for determin other metals that are frequently assayed in urine.
The recoveries obtained for the various digestion procedures examined are shown in Table 2 , with off-line prereduction of As(V) to As(ill) before determinaon by FI-HGAAS. The initial observation made when one examines the recoveries for the first three (less aggres sive) digestion procedures in Table 2 is that the inor ganic arsenic species is less than fully or fully recovere, whereas the organic species (in these cases OMA) is not any more recovered than it was in the direct analysis procedure. Perhaps excess oxidizing agent present after the digestion is ended interferes by competing with the prereduction process, the hydride pneration reduction process, or both. This could result in low recoveries for inorganic arsenic, whereas the organoarsenic species was not decomposed at all by the digestion procedure, so that recoveries were the same as without a digestion procedure.
In an attempt to fully decompose the organoarsnic species present in the urine sample, we examined more aggressive digestion protocols. The first of these was the application of microwave energy to a digestin acid (in this case, concentrat.ed nitric acid) mixed with the urine sample in a cloeed veaael (17) . It was very difficult to obtain meaningful recoveries (shown in It has been claimed (18) that the applicaton of hydro gen peroxide with nitric and sulfuric acids will digest various difficult organic matrices, including paraffin oils and fats, as well as decompose several resistant organo metallic compounds. Also, the use of hydrogen peroxide assists in ridding the sample of interfering NO s fumes that may be present after digestion. We therefore ap plied a digestio protocol involving nitric acid, sulfuric acid, and hydrogen peroxide to the arsenic-supple ment.eci urine samples, in an att.empt to fully digest the matrix and then decompose the organoars species present. Although recovery of the organoar species DMA was incomplete, it was more than that of the less aggressive digestion procedure (Table 2) .
Because the As-C bond appeared to be starting to break, we decided that including oxidizing agents would expedite this process. V 2 0 5 and :KsCr 2 0 7 were applied because of their proven ability to 888ist in this decom position process (6, 9, 18). Also, the amount of time the sulfuric acid was allowed to give off S0 8 fumes before the addition of ffz0 2 was increased from 30 min (with out an oxidizing agent) to 90 min, in an att.empt to further enhance the degree of As-C bond breakage. As Table 2 shows, for digestion with the oxidizing agent V 2 0 8 the recovery of DMA was similar to that without the V 2 0 8 , and some of the inorgani arsenic species were lost. This may be due to an excess of oxidativ power left in the catalyst once the digestion is complet.ed. We saw no formation of a precipitate in the V 2 0 5 -888iste diges tion at any point; moreover, the-digest retained some of its original blue color, implying the preaence of V(V). This latter may interfere with the prereduc process, the hydride generatin reduction process, . or both, by presenting the opportunity for a competing oxidation process to occur.
The use of :KsCr 2 0 7 as oxidizing agent led to more mecess than V 2 0 8 (Table 2 ). Both inorgani species [As(III) and As(V)] and both organic species (MMA and DMA) were fully recovere when added to urine. Possi bly no oxidative power was left in the KsCrz0 7 oxidizing agent after the digestion, as evidence by the formation of a purple precipitate film at the bottom of the Erlen meyer digestin flask. This would imply the converai of Cr(VI) to Cr(III), thus obviating the opportunty for a competing oxidation pl'OC888 to occur in the prereduc step or the hydride generatin process.
System Performanc Characte
The HNOJHzS()J:KsCr 2 07'Hz0 2 digestio procedur for total arsenic in urine by FI-HG.AAS was validate by digestin 2.0-mL aliquots of SRM 2670 as describe above. The resulting digests were either prereduc off-line as describe previously, diluted to 100 mL, and analyzed or prereduce on-line after dilution to 100 mL. Both prereducon procedures led to quantitative recov eries for total arsenic in SRM 2670: 540 ± 19 and 530 ± 42 µ,g/L, respectively (mean and 95% confidence inter vals, n = 3 each), vs the NIST certifie value of 480 ± 100 µ.g/L. To further evaluate system performance, we asseseed the digestion and FI-HGAAS analysis of urine samples with high concentrations of nontoxic seafood. derived arsenic (Table 3) . Because the extracti proce dure led to the detection of no arsenic in the resultin digest, we conclude that the extractin procedure is imperative if a pot.entially high bias resulting frolll the presence of nontoxic seafood-derived arsenic species is to be avoided. To determine the performance of the extrac tion procedur in the presence of toxic forms of arsenic, we added As(V) and DMA, 250 µ.y/L, to a urine sample that eont.ained a high amount of seafood-derived ar aenic. The recoveri obtained for these arsenic species pretreat with the extracti procedur are also shown in Table 3 
